INR-0918/96 
February 1996 
|hep-ph/ 9603246 



QCD Corrections to Decays of Intermediate Mass 

Higgs Boson Q 



Andrei L. Kataev* and Victor T. Kirn^ 

* Institute for Nuclear Research, 117312 Moscow, Russia Q 
' St. Petersburg Nuclear Physics Institute, 1888350 Gatchina, Russia 



Abstract 



The brief discussion of the studies of the effects of the radiative QCD corrections to the 
decay widths and branching ratios of the Standard Model Higgs boson with the mass 
2rrib GeV < Mh < 2Mw GeV is given. The numerical results are obtained with the help 
of the FORTRAN code SEEHIGGS. 
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Among the most intriguing modern theoretical problems are the investigations of the 
properties of still non-discovered Higgs particles of the Standard Model (SM) for Elec- 
tro Weak interactions. The special attention is paid nowadays to the searches of the SM 
Higgs boson. Various aspects of " Higgs hunting" were discussed in detail from the theo- 
retical and the phenomenological [1-3] points of view. 

The current experimental lower bound on the SM Higgs boson mass is about Mh > 60 
GeV. This lower bound came from the analysis of the LEP data taking into account of 
the theoretical expression for H — > qq decay width with the QCD corrections of order 
0(a s ) Q. The main decay channel of the SM Higgs boson in the intermediate mass 
range Im^ < Mh < 2Mw is the decay to the bb final states with the coupling constant 
being proportional to the 6-quark mass. In this mass range the theoretical uncertainties 
of T(H — > bb) are closely related to the theoretical uncertainties of the branching ratios of 
some rare processes, e.g., H — > 77 which is known as one of the most promising channels 
for the searches of not too heavy Higgs bosons at Tevatron, LEP, and soon at LEP200 
and LHC. 

Here we present brief overview of current status of perturbative QCD corrections to SM 
Higgs of intermediate mass. We start from analysis of the perturbative QCD corrections 
for the Higgs decay into 6-quarks T(H — > bb). The width of this decay in Born level has 
form 

r(H - bb) = r Hbb = r<V (i) 

where = ^^G^M^m^, (3 = Jl — Gf -Fermi constant, Mh and m;, are the pole 

masses of Higgs boson and 6-quarks, respectively. 

The massless QCD corrections to T(H° — ► qq) were considered at the next-to-next- 
to-leading order (NNLO) using the concept of the running 6-quark mass m&(Mff) @,@ 
In the process of the consideration of the phenomenological consequences of the results 
of Ref. || it was noticed that the variation of the running 6-quark mass from the 6-quark 
mass-shell (namely from the m^m^-value) to the M#-scale (namely to the WI^Mh)- 
value) in the leading order (LO) of perturbation theory results in the negative corrections, 
which diminish the value of the corresponding Born expression for T Hbb by factor 2 0. 

However, the running mass is not the unique way of defining mass parameters. Indeed, 
in full analogy with the physical mass of electron, in QCD one can also define the pole 
(on-shell) quark mass. The definition of the pole quark mass is commonly used for heavy 
quarks, namely for c- and 6-quarks. The expression for the decay width H — > qq has 
been explicitly calculated in terms of the pole quark masses m c and m& in Ref. |4| , at the 
0{a s ) -level. The presented in Ref.0 numerical studies of these results did not reveal 
the effect of the 50% reduction of the Born approximation. Therefore, it is important to 
understand the origin of the observed in Ref. puzzle of the differences between various 
parametrizations of the QCD results for T Hbb in the experimentally interesting region of 
M H values. 

Using the 2-loop relation between the running and the pole quark masses || and the 
results of Ref.|J we have calculated the expression for T Hbb at the a^-level in terms of 
the pole quark mass in two different forms [9-11]. The first one contains the IniM^jvn^)- 
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contributions explicitly, while in the second one they have been summed up through the 
renormalization group (RG) technique. Note, that the second parametrization is closely 
related to the one through the running quark mass. 

Our results demonstrate that for the non-RG-improved expression for calculated 
by us a;?-contribution produce the negative correction which is responsible for the elim- 
ination of the numerical difference between various parametrizations of the QCD results 
for T Hbb (see Fig.1,2, where R(H - bb) = T Hbb /T^). 

In [9-11] we analysed in detail the RG-improved expression for T Hbb taking into account 
the effects, neglected in the course of estimates of Ref. J7| . Among them are the corrections 
responsible for the relation between the running mass m^m^) and the pole mass at the 
1-loop and 2-loop levels and the order 0(m|/M^)-corrections to T Hbb . The importance 
of taking into account of the order 0(m^/Mj^)-corrections for modeling the threshold 
effects was demonstrated in Refs.[9-ll]. Following the considerations of Ref.[[E| we also 
calculated analytically the mixed QED- and QCD- corrections of the order 0(aa s ) to 
r Hbb 0, which turned out to be very small. 

Taking into account the discussed above QCD uncertainties and the current uncer- 
tainties of the value of the parameter A|^ we obtain the following theoretical estimate 
for V Hbb in the intermediate region of M H values 60 GeV < M H < 160 GeV (see Fig.1,2) 

T Hbb = (o.55-0.45)r^ (2) 

which confirms the rough estimation presented in [0. 

Therefore we confirmed also observation [|7| that the discussed QCD contributions to 
r Hbb are increasing the values of the branching ratios of the decays H° — > and H° — > 
77 by the factor of over 2 (see Fig.3) for the intermediate mass SM Higgs because the QCD 
corrections for them are small (few percents) fl3] . Note, that all figures, presented here 



were plotted using the values of the pole quark masses m b = 4.6 GeV and m c = 1.4 GeV 
and A-^ = 250 MeV. The detailed consideration of the sensitivity of the results obtained 

(5) 

to the variation of A-^L value up to over 150 MeV is under study. 

Note, that there is still room for curious speculation [TT[ on possible consequences 



of the observed property of the asymptotic explosion of the considered by us NNLO 
parametrization of T Hbb . We think it might indicate a possible existence of some resonance 
at the mass scale of M ch = 60 4- 130 GeV (for A^L = 250 4 150 MeV). 

The results of our analysis [9-11] were taken into account in the series of the subsequent 
calculations [14-16]. In Ref.fL4f the analyzed by us uncertainties due to the inclusion 
of the effects of the order 0(a s m^/M^)-corrections were fixed by the explicit analytical 
calculations, while in Ref. |T5| the mentioned by us contribution to T Hbb of the triangle- type 



diagram with the virtual top-quark was evaluated. The large top-quark mass expansion 
for H —> bb decay rate in the order a 2 s and for H — > gluons decay rate in order a z s were 
calculated in Ref. |16[ . 



The outcomes of our studies of Refs.[9-ll] are forming the basis for the FORTRAN 
code SEEHIGGS, which includes the results of the most recent calculations of Refs. [14-16] 
and is under development. 
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